Introduction
Young road users still constitute a high-risk group with regard to road traffic accidents (e.g. World Health Organization, 2013) . While much research attention has been paid to young car drivers, young moped riders have also been identified as a high-risk group (e.g. Kim et al., 1995; SWOV, 2009 ). The lack of research in this field was identified by Kopjar (1999) . However, despite occasional studies emphasizing the severity of the problem and need for further research (e.g. Bjørnskau et al., 2012; Brandau, et al., 2011; Steg and Brussel, 2009 ), knowledge about the behaviour and accident risk of young moped riders remains sparse.
Knowledge on the risk behaviour of young moped riders is impeded by high levels of underreporting. Recently, an under-reporting level of 74% was identified in Denmark (Møller et al., 2010) . In addition, national accident statistics (Blackman and Haworth, 2013) and studies on road safety (Kim et al., 1995; Haworth et al., 2011; Miggins et al, 2011) often do not distinguish between different types of powered two-wheelers. Despite such impediments it has been shown that the crash rate of a moped is four times greater than that of a motorcycle (Blackman and Haworth, 2013) . Further, the likelihood of being injured is 10-20 times higher among moped riders compared to drivers (Aare and Holst, 2003) , and 13 times higher compared to cyclists (Brems and Munch, 2008) .
Studies have identified some level of stability in risk-taking from late adolescence into early adulthood among drivers (e.g. Møller and Haustein, 2013; Vassallo et al., 2014) as well as differences in risk-taking behaviour and attitudes among pre-licensed adolescents (Mann and Lansdown, 2009; Waylen and McKenna, 2002; . In many countries a moped is the first motor vehicle for many youngsters, and it is possible that riding styles and behaviour established at this stage may last long into the driving career.
Factors such as riding speed, alcohol use, and male gender have previously been identified as key risk factors among moped and motorcycle riders (e.g. Kim et al., 1995; Miggins et al., 2011; Moskal et al., 2012) . Therefore, focus on gender and possible differences regarding specific accident factors, is highly relevant. However, the mere presence of a risk factor does not necessarily lead to an accident, as an accident is the result of the interplay between several factors in a given situation. Categorizing factors into three categories, namely factors related to the road and its surroundings (1), to the vehicle (2), and to the behaviour and condition of the road user (3), has previously proven to be useful when trying to understand the mechanisms leading to road traffic accidents (e.g. Bjørnskau et al., 2012; Elliot et al., 2007; Rothengatter, 1997) . This distinction will therefore also be applied in this study.
Based on national accident statistics it is possible to provide an overview of factors present at the time of the accident. However, only predefined factors included in the official registration of road traffic accidents can be included in such analyses. Thus, influence from factors such as inattention or distraction will most likely not be included, as those factors are usually not registered in the national accident statistics. In addition, the identification of new factors or provision of more detailed information about the existing factors is difficult based on accident statistics. The latter is also true for information based on standardized questionnaires, as it is difficult to ask for information about not yet identified factors. To further improve the understanding of moped accidents, studies using alternative methods to explore the interplay between factors present at the time of the occurrence of an actual accident are needed.
The present study focuses on light-moped accidents involving riders aged 16 or 17 years old. In Denmark the term light-moped refers to a powered two-wheeler with a cylinder volume of less than 50 cc. The maximum allowed speed for this type of vehicle is 30 km/h inside as well as outside built-up areas and regardless of the speed limit of other road users. The rider must use the cycle path at all times, if available. Many different types of cycle paths exist, including, for example, cycle paths physically separated from the main road by a kerb, or painted road markings.
Passengers are not allowed, and helmet use is mandatory. The minimum age for riding this type of moped is 16. For persons aged 16 or 17 a moped certificate is needed. The certificate can be obtained by following a brief course which includes a combination of theory and practice.
Based on analysis of accident protocols, the purpose of the present study was to increase knowledge about moped accidents involving young riders. An exploratory approach was used in order to allow relevant but not predefined accident factors to be identified. Based on the identification of accident factors related to the road and its surroundings, the vehicle, and the reported behaviour and condition of the road users, the results can be used for the development of targeted preventive measures.
Method

Data
A sample of 140 accidents was drawn from the Danish national database of road traffic accidents. The sample was randomly selected based on the following criteria: The accident happened in 2007, involved a moped rider aged 16 or 17, and an equal number of accidents (14) from each police district. Twelve accidents were excluded from the analysis due to lack of available information. The total number of accidents included in the study was 128, of which 53% involved a 16-year-old, 47% a 17-year-old, 81% a male, and 19% a female rider. The sample constituted 20% of the total number of accidents involving a 16-or 17-year-old rider in 2007 with a very similar age and gender distribution. Permission to collect police reports was received from the Ministry of Justice. The police reports included information obtained at the accident scene, photos, testimonies provided by the road users, witnesses, and family at the time of the accident, as well as later in court, at the hospital or on other occasions. Baes on a template, a police report is always created when the police are sent for in relation to a road traffic accident. However, small variations in level of detail provided in each case exist. No pattern in these small variations could be identified.
Analysis
Accident characteristics
Based on accident protocols the following information on each accident was registered onto a common database: time, place, weather conditions, manoeuvre, parties involved, and condition of the vehicle(s). In addition, information regarding age, gender, impairment (alcohol, drugs, and illness), speed, helmet use, moped certificate, and degree of injury was registered for the moped rider as well as for the other parties involved. An overview of the accidents in terms of time of day, type of accident, counterparts and similar characteristics was provided.
Accident factors and road rule breaching category
Based on the available information each accident was reconstructed and accident factors and road rule breaching categories (see below) were assigned. Aspects of key importance for the occurrence of the accidents were identified as accident factors. All factors could be assigned to the rider as well as to the other parties involved, and multiple factors could be assigned to each accident. A distinction was made between factors related to the road and its surroundings, the vehicle, and the reported behaviour and condition of the moped rider. Accident factors concerning the road and its surroundings included weather conditions, visibility conditions (e.g. restricted access to relevant information due to the location of a road sign), objects on the road, and road design (e.g. missing/poorly maintained road markings). Accident factors concerning the vehicle included insufficient maintenance (e.g. defective brakes) and tuning up the moped (modification of the moped to increase its performance thereby enabling riding speeds above the legal limit).
However, tuning was only assigned as an accident factor in cases where the tuning was a prerequisite for the high speed at which the accident happened). Accident factors concerning the reported behaviour and condition of all road users involved included aspects such as attention, riding speed, position on the road, impairment, and mistakes handling the vehicle. This part of the analysis was assisted by two experienced research assistants. Pilot coding was performed to ensure coding agreement.
For accident factors identified in at least 20 accidents, it was investigated whether the factors were more common among male or female riders. Group differences were examined by χ 2 tests and are reported when significant.
Based on the reported violations each accident was assigned to a road rule breaching category (A, B, C). A was assigned if no road rule breaching was reported; B was assigned if the reported riding speed exceeded the limit, but not by more than 33%, the rider admitted not to have paid attention to approaching traffic, and/or disobeyed the right of way; C was assigned if the reported riding speed was 33% or more above the speed limit or the rider was impaired by alcohol/drugs. In addition, C was assigned if basic rules for riding a moped were violated by the rider (e.g. riding the moped despite not having a moped certificate, not wearing a helmet and/or riding with passengers).
Gender differences in road rule breaching categories were tested (χ 2 test).
Results
Accident characteristics
An overview of the types of accidents in the sample is provided in Table 1 and compared to all registered moped accidents in the period 2004-2008 of the same age group and older adults. The sample represents the typical accident situations of young riders quite well. The majority of accidents of young riders happened at an intersection, and the most common type of accident involved a straight-riding moped and a right-turning motor vehicle coming from the same direction.
Only 7% of the accidents were single-vehicle accidents, while this type of accident is more common among older adults (30%) who have by contrast fewer accidents at intersections.
In multi-vehicle crashes the majority of the other parties involved (75%) were passenger cars.
The second most frequent type was vans (10%) followed by powered two-wheelers (6%), cyclists (4%), and pedestrians (3%). The two least frequent types were buses and tractors. Most accidents (77%) happened on weekdays (Monday 6:00 a.m. -Friday 5:59 p.m.), and 69% in built-up areas.
However, as it was not possible to control for exposure, these results essentially reflect the relative frequency with which the different vehicle types are encountered. Twelve per cent of the riders were not injured; 33% were slightly injured; 52% were seriously injured; and 3% were killed. A number of violations occurred in connection with the accidents. Thus, 38 (30%) of the moped riders were not wearing a helmet, and another four wore an unfastened helmet which fell off at the time of the accident. In 21 (16%) accidents the rider had a passenger on the moped. A total of 51 (40%) mopeds were tuned up, enabling them to exceed the legal speed limit -in some cases enabling riding speeds as high as 100 km/h. Eight (6%) mopeds did not have the required licence plate; six (5%) riders did not have a moped certificate; eight (6%) were impaired by alcohol; eleven mopeds (9%) had defective brakes, lights or similar; and ten (8%) were not insured as required.
Accident factors
Based on the analysis, 13 accident factors were identified (see Table 2 ). Of these, four accident factors applied to the road and its surroundings, two applied to the vehicle and seven applied to the reported behaviour and condition of the road user. Eight accident factors applied to the rider as well as to the other party involved (visibility conditions, weather conditions, road design, riding speed, attention, and position on the road, impairment, and sudden illness). Four accident factors applied to the rider only (objects on the road, tuning up, maintenance, and passengers) and one only applied to the other party involved (wrong signal). The number of accident factors identified per accident varied from 1-7 with an average of 2.7 factors per accident. Accident factors concerning the road and its surroundings included accidents in which the location of a tree, house or other objects outside the roadway restricted the access to relevant information. This category also included unexpected presence of an object on the roadway, weather conditions contributing to the moped rider's loss of bearings and missing/poorly maintained road markings or unusual and therefore unexpected road design contributed to the occurrence of the accident. Accident factors concerning the vehicle included accidents due to high riding speeds facilitated by the moped being tuned up, as well as accidents in which poor maintenance of the moped (brakes, lights etc.) was a key factor.
The majority of accident factors concerned the reported behaviour and condition of the road user.
Riding speed was the most frequently assigned factor on the part of the rider. It was assigned in situations where the reported riding speed contributed to loss of control of the vehicle regardless of the speed limit. Attention was the most commonly assigned accident factor when including both the rider and the other party involved. It included lack of attention and attention errors. Lack of attention was assigned when the rider/driver overlooked the other party involved or admitted to not having paid attention to approaching traffic and/or the riding task due to engagement in other activities. Attention errors included situations in which attempts to identify and evaluate approaching traffic had failed. In some cases unexpected behaviour of the other party (such as high speed) contributed to the error. In other cases the area of attention was too narrow to identify relevant approaching traffic (e.g. paying attention to the main road only and ignoring the cycle path when preparing a left turn).
The accident factor position on the road included behaviours such as: intentional zigzag riding, riding on the wrong side of the road or cycle path, riding too close to the edge of the road and riding on the road despite availability of a cycle path. The accident factor impairment was assigned if the road user based on a test performed by the police was found impaired by alcohol or drugs, whereas passengers included situations in which the reported behaviour of a drunken passenger (e.g.
swaying) caused the rider to lose control of the moped. Illness was assigned if the available information indicated that the accident was caused by a convulsive fit caused by epilepsy or other neurological or physical conditions. Wrong signal was assigned in case of indicator errors such as indicating to the right when making a left turn or no indications at all.
When looking at the combinations of the accident factors related to the moped rider's behaviour and the behaviour of the other party involved (see Table 3 ), we find that accidents where only the moped rider's behaviour played a role were most frequent, followed by those where both the moped rider's behaviour and the behaviour of the other party involved contributed to the accident. In 71% of the accidents the accident factors were related to the reported behaviour and condition of the rider, in 59% to the behaviour of the other party involved, and in 29% to the road and its surroundings. The rider's behaviour contributed significantly more often to an accident compared to the behaviour of the other party involved, χ 2 (1, N=128)=26.76, p < .001.
Accident factors, gender and accident type
For accident factors that were a contributing factor in more than 20 accidents, gender differences were examined. Significant differences are presented in Table 4 . Tuned up mopeds contributed more to accidents of male than female riders as did attention and speeding. There was no significant gender difference for position on the road.
For the most frequent types of accidents (n >10) it is reported in Table 5 , how often the accidents involved an accident factor from each of the three categories (rider behaviour, behaviour of other party involved, and the road and its surroundings).
The reported behaviour and condition of the rider were most often an accident factor in "crossing, no turn" and "straight, same direction", in both cases most often due to lack of attention.
The other party involved was almost always an accident factor in "opposite direction, with turn", again with attention as the most frequent factor. The road and its surrounding were most often an accident factor in "straight, opposite direction", most often because of the road design. 
Road rule breaching category and type of accident
Road rule breaching categories B or C were assigned to the majority of the accidents (78%) and more often to accidents involving a male (83.7%) than a female rider (54.1%; χ 2 (2, N=128)=12.15, p = .002). 70% of the accidents happened by daylight and there was no significant difference in relation to rule breaching categories, χ 2 (2, N=125)=0.37, p = .83. Table 6 provides an overview of the most common types of accidents for each road rule breaching category. Total  28  100  63  100  37  100 128 100 a A: no road rule breaching, B: exceeding speed limit (up to 33%), inattention to approaching traffic, disobeying the right of way, C: exceeding speed limit (33% or more), impairment by alcohol/drugs, violating rules for riding a moped (e.g. no certificate and/or no helmet). See also section 2.2.1.
Regardless of category, the majority of the accidents happened at an intersection, and "same direction with turn" was the most frequent type of accident. However, the relative importance of this type of accident varied between categories A, B, and C. Thus, for category A, 50% of the accidents were this type of accident, whereas it was of lower relative importance for the categories B and C. Small variations regarding the relative frequency of each accident were identified. Thus for category C accidents "crossing no turn" was of higher relative importance than for category A and B accidents. In addition, category B and C accidents differed from category A accidents by a larger share of the accident type "other" which is partly due to a larger share of single-vehicle accidents, and accidents in which the rider hit a parked car or other objects on the road or on the side of the road. For the majority of the different types of accidents the largest difference in relative importance of each situation was between category A and C situations.
Discussion
The main aim of this study was to increase the knowledge about moped accidents involving 16- Most accident factors concerned the reported behaviour and condition of the road users, thereby indicating that road user behaviour is a key issue for moped safety as it is for road safety in general (Evans, 1996) . Based on the number of accidents in which each accident factor was identified, attention and speed were the most pronounced, particularly among male riders. The importance of speed is supported by studies showing that speeding and/or inappropriate speed are the most influential factors for the risk of causing an accident among powered two-wheelers (Lardelli-Claret et al., 2005) , and that the majority of violations among young moped riders are speeding offences (Steg and Brussel, 2009 ).
In line with previous studies (e.g. Pai, 2009 ) accidents involving a straight-riding moped and a right-turning motor vehicle were common. The analysis provided a nuanced understanding of the interaction between the road users prior to the accidents with the speed of the moped and the attention of the other party involved as key factors. Some accidents happened despite the other party involved was aware of the approaching moped. Due to speeding the moped arrived faster than expected thereby creating safety problems, especially when at the same time opponents accept small safety margins and misjudge arrival time due to the small size of a moped (e.g. Horswill et al., 2005) . Other accidents happened in situations in which the other party was not aware of the approaching moped thereby confirming previous results showing that 'looked-but-failed-too-see' situations are a key element in accidents with powered two-wheelers (e.g. Clarke, 2007) . Speeding is known to be a key factor in these accidents, possibly based on the moped's location outside the scanning field of the other party involved. However, in some accidents the moped was overlooked despite not speeding. The analyses revealed that in these cases the other party was not paying appropriate attention to approaching traffic, possibly because drivers tend to focus attention towards road users constituting a threat (e.g. Herslund and Jørgensen, 2003; Summala et al., 1996) , thereby increasing the likelihood of overlooking mopeds.
Compared to existing knowledge on moped accidents involving other age groups, the results show that some factors involved in moped accidents among youth differ from factors involved in moped accidents involving older riders. Firstly, among the 16-17-year-olds single-vehicle accidents account for around 10% of the accidents whereas the share among 24-54-year-olds is three times as high (30%). Secondly, contrary to other age groups (Kim et al., 2004; SWOV, 2009; Moskal et al., 2012; Vlahogianni et al., 2012) , alcohol was not as prevalent an accident factor among youth.
Although the results of this study do not allow definite conclusions on reasons for age differences in accident patterns, it is possible that they are partly due to socio-demographic differences between young and older moped riders. Support for this is found in a study by Miggins et al. (2011) which showed that drunk driving recidivists who had lost their license is a high-risk group among older moped riders. In addition, even though alcohol consumption among Danish youth is known to be among the highest in Europe (Hibell et al., 2011) , it is lower than alcohol consumption among Danish adults. This difference is not due to age related restrictions as the legal drinking age in Denmark is 16 (18 for strong alcohol >16.8%). Further studies looking into the influence of sociodemographic and lifestyle factors on moped accidents are thus relevant.
Based on the identified importance of the behaviour and condition of the road users, measures targeting these aspects are of key importance. Particularly police enforcement to reduce road rule breaching such as speeding, unfocussed riding and tuning the moped up are important measures.
Moreover, measures to improve skills in anticipating the behaviour of other road users and appropriately adjusting own behaviour (e.g. Njå and Nesvåg, 2007) are also relevant. Improving the mandatory moped certificate course is a possible and commonly used strategy despite limited evidence of safety effects of formal training (Haworth, 2012) . Lack of evidence may partly be due to methodological weaknesses (Ivers, 2011) , but may also be due to inappropriately designed training programmes. Recent Dutch experiences with moped training (Goldenbeld et al, 2004) and motorcycle training (Boele and de Craen, 2014) indicate that actively engaging participants in evaluation of own behaviour and external cues is important to achieve a safety effect of training, although the long term effect is limited (Goldenbeld et al., 2004) . However, even for well-designed training programmes, the effect may be limited, as recent research suggests that risk-taking behaviour increases during adolescence due to psycho-physiological development and changes in the socio-cultural environment (Boyer, 2006) . Therefore, developing a forgiving road environment which protects the young road users from the consequences of their risk-taking behaviour such as speeding or unfocussed riding is also needed to improve road safety among young riders (Elvik, 2012; Twisk et al, 2015) . With regard to young moped riders a protective environment might also serve to protect the riders against being overlooked. In Denmark light-mopeds are treated as cyclists, despite a generally higher riding speed. Consequently, suggestions for a safe cycling environment such as separation in time or space (Wegman et al., 2012) may also be relevant for mopeds as suggested by the high rate of intersection accidents. However, further studies addressing differences and similarities between cyclist and moped accidents are needed to verify this.
The study was partly based on a qualitative analysis of information derived from accident protocols. Although this type of accident information has clear advantages when supplementing the more simplified and standardized information provided through accident statistics when researching accident causation mechanisms (Larsen, 2004) , some limitations regarding the quality of the data need to be taken into consideration. Firstly, in line with other studies including qualitative data (e.g. Aust et al., 2012) , there was some variation with regard to the details provided about the context in which the accident happened, the purpose of the trip and factors motivating the behaviour. In four cases the limited information was caused by the death of the moped rider. In other cases no explanation for the limited information was available. However, in all cases sufficient information was available to understand the accident mechanism based on the interaction between the road, the vehicle, and the road user.
The well-known high level of under-reporting of road traffic accidents is another possible limitation of the study. However, although under-reporting may bias the impression of the importance and frequency of the different accident factors identified in this study, it does not affect the result of the analysis of the reported accidents.
